Inclusion bodies, indistinguishable from rabies inclusion bodies (Negri bodies), were found in the brains of 8 nonrabid dogs. The inclusions were compared to Negri bodies present in neurons of rabies-positive animals and examined for the presence of rabies virus by a combination of immunoperoxidase staining (7 cases), fluorescent antibody (FA) staining (1 case), and transmission electron microscopy (4 cases). Positive immunoperoxidase staining for rabies was obtained in brain tissues from FA rabies-positive animals. All brain tissues from the 7 dogs stained by the immunoperoxidase method and the brain from the 1 dog stained by the FA method were negative for rabies. Rabies virus was not found in inclusion-containing neurons in the cases examined by transmission electron microscopy. These results emphasize the importance of FA testing and mouse inoculation for the diagnosis of rabies.
Because of its Zoonotic potential and high case to fatality ratio, the accurate diagnosis of rabies virus infection in animals is of utmost importance. Although diagnostic laboratories currently rely on the fluorescent antibody (FA) test and mouse inoculation for definitive diagnosis of rabies, the presence of intraneuronal inclusion bodies (Negri bodies) in histologic sections of brain from affected animals is still considered to be specific for rabies. 8, 13 Negri bodies are intracytoplasmic, round or oval bodies, often with internal structure, measuring from 2 to 8 µm in diameter. 8, 9, 13 They are surrounded by a thin, clear halo and their shape is molded to their physical environment. 8, 13 Negri bodies are most commonly found in neurons of the hippocampus of carnivores and cerebellar Purkinje cells of herbivores. 8, 13 Negri bodies are absent in up to 30% of animals infected with rabies 8, 13 which makes the histologic diagnosis of rabies tenuous. To further complicate the histologic diagnosis of rabies, there are reports of rabies-like inclusions in nonrabid dogs 3, 4 and cats. 13, 16 In this report we describe rabies-like inclusions in the brains of 8 rabies virus-negative dogs.
Materials and methods
Cases. Five dogs were received as entire carcasses for necropsy, and formalin-fixed tissues were received from 3 other dogs (Table 1) . Tissue specimens from the 5 dogs, which we necropsied, were fixed in Carson's modified Milloning's phosphate-buffered formalin, l2 and all tissues were routinely embedded in paraffin. Tissues for routine light microscopy were sectioned at 3 µm, mounted on glass slides, and stained with hematoxylin and eosin (HE), and in 5 cases with periodic acid-Schiff (PAS).
In 1 case (dog 1) the clinical signs led the referring veterinarian to consider rabies in the differential diagnosis. Onehalf of the brain from this dog was submitted frozen for FA testing for rabies. a Because fresh tissue from the other 7 dogs was unavailable for FA testing, formalin-fixed tissue was used for immunoperoxidase staining. Transmission electron microscopic examination was performed on 4 cases for rabies virus. In addition, the inclusion bodies were compared by light microscopy to intraneuronal inclusion bodies in tissues from a horse, raccoon, and fox, which were FA-positive for rabies virus. b
Immunoperoxidase staining. A commercial guinea pig avidin-biotin complex (ABC)-peroxidase kit c was used according to the manufacturer's directions. Primary antirabies antibody was serum from a guinea pig hyperimmunized against rabies virus. d Positive controls were sections of FA rabiespositive brain containing Negri bodies from a raccoon and horse.
To perform the ABC-peroxidase stain, tissue sections were deparaffinized, rehydrated, and transferred to Tris-saline. 2 All sections were treated for 40 min at 37 C with a solution of 0.1% trypsin e and 0.1% CaCl 2 dissolved in Tris buffer, pH 7.6, f with the final pH adjusted to 7.8 with 1.0 N NaOH. 5 After trypsinization, sections were rinsed in Tris-saline for 10 min at room temperature. Endogenous peroxidase activity was inhibited by covering the tissues with 3.0% H 2 O 2 for 10 min. Antirabies serum was applied at a dilution of 1:1,000 and sections were incubated overnight at 4 C. Sections were incubated with biotinylated antibody and then ABC-peroxidase for 45 min at room temperature. The chromagen, diaminobenzidine tetra-hydrochloride (DAB), g was applied to the sections for 7 min. 2 Slides were counterstained with Gill's hematoxylin for examination. Negative controls consisted of replicate sections of positive control and test tissues incubated with normal guinea pig serum in place of rabies antiserum. Electron microscopy. One-to 2-mm 3 pieces of formalinfixed cerebellum and thalamus from dogs 1, 3, 4, and 8 were postfixed in osmium tetroxide, dehydrated, and embedded in epoxy resin. Thick sections were cut and stained with toluidine blue for light microscopic examination for inclusions. Blocks containing inclusion bodies were trimmed, thin sections cut, stained with uranyl acetate and lead citrate, and examined with a transmission electron microscope. h
Results
Eosinophilic, intracytoplasmic inclusion bodies morphologically indistinguishable from Negri bodies were found in neurons of 8 dogs. Inclusions were found in thalamic neurons of 7 dogs, Purkinje cells of 5 dogs, and cerebral cortex neurons of 2 dogs. Usually several nuclear areas in the thalamus were involved, and the areas of involvement varied between cases, but lateral geniculate body neurons were affected in all 7 cases of thalamic involvement. No inclusions were found in the hippocampus. Most thalamic inclusions were round to oval, although a few were elongated. They were granular and often appeared to consist of aggregates of several small, round bodies ( Fig. 1) . Inclusions in Purkinje cells were more often elongated than those in thalamic neurons, and some were located along the plasma membrane and were crescent-shaped ( Fig. 2) . They usually appeared to consist of a single structure, but a few were segmented. Affected thalamic neurons rarely contained more than 1 inclusion, whereas multiple inclusions were not uncommon in Purkinje cells. Inclusions measured 3-10 µm with a few up to 15 µm in length. Inclusions in both locations were PAS-negative.
Negri bodies in all 3 rabies-positive animals measured 2-l5 µm in diameter, stained eosinophilic with HE stain, and in general were characteristic of reported descriptions (Fig. 3 ). 8, 9, 13 The Negri bodies varied in size according to the affected species. In the horse and fox, Negri bodies were less than 10 µm, but many inclusion bodies in the rabid raccoon were l0-15 µm.
Inflammation was detected in the brain of 1 dog (dog 5) and consisted of rare perivascular cuffs of lympho-cytes, 2-3 cells in thickness. The only other microscopic abnormalities involving the central nervous system were multiple hemorrhages in the brain and spinal cord of dog 6 and a pituitary adenoma in dog 8.
Ultrastructurally, the inclusions in Purkinje cells of dogs 1 and 3 and thalamic neurons of dog 8 consisted of irregular, anastomosing, thick bands of amorphous, granular material ( Fig. 4) . Inclusions from dog 4 were composed of clumps of short, parallel, membrane-like structures and thicker, more electron-dense bands of amorphous, granular material (Figs. 5, 6 ). Adjacent to the inclusions were numerous clusters of identical short, parallel structures.
Intense positive immunoperoxidase staining was present in brain tissues from the FA rabies-positive horse and raccoon incubated with antirabies serum. Positive staining was absent in replicate sections incubated with normal guinea pig serum. Antigen occurred as variably sized, brown, cytoplasmic granules in neurons (Fig. 7) . Rabies antigen was typically present in the main part of the neuronal cell body, but occasionally, positive staining extended into the axon. All brain tissues from the 7 dogs stained by the ABC method were negative for rabies antigen, and the brain from dog 1 was FA-negative for rabies. 
Discussion
By light microscopy the intracytoplasmic inclusion bodies in thalamic neurons of the 8 cases were more irregular than Negri bodies in known rabid animals. Also, Negri bodies appeared to be 1 solid inclusion, whereas many rabies-like inclusions in the thalamus and occasionally in Purkinje cells appeared to be aggregates of several smaller structures. Both were of similar size and shape. Negri bodies from the horse and fox stained with less intensity and were less refractile than rabies-like inclusions in the thalamus, but Negri bodies from the raccoon stained almost identically to the thalamic inclusions in the test dogs. Inclusions in Purkinje cells were especially similar to Negri bodies as they usually stained with an intensity indistinguishable from that of Negri bodies. Overall, the inclusions in the brains of the 8 cases were similar enough to Negri bodies to preclude elimination of rabies as a differential diagnosis.
Ultrastructurally, Negri bodies consist of granular viral protein and usually contain bullet-shaped viral particles. 8, 9 The absence of viral particles in the 4 examined cases is evidence against rabies infection. The inclusions in Purkinje cells of dog 4 consisted of clusters of lamellar bodies, which are short stacks of closely packed membranous cisterns? Lamellar bodies are believed to be closely related to rough, endoplasmic reticulum because of the presence of ribosomes on the outermost cisterns? Their presence may be related to inadequate preservation, anoxic changes, or other unknown insults. 6 Why the lamellar bodies formed aggregates large enough to be visible by light microscopy in dog 4 is unknown. We are unsure if the differences between the intraneuronal inclusions in dog 4 and those of dogs 1, 3, and 8 are real or an artifact. Dogs 1 and 8 were necropsied by us, but the postmortem interval for dog 1 is unknown and for dog 8 was 20-24 hr.
Formalin-fixed tissues from dog 3 were received by mail, and the postmortem interval and the type of formalin solution used for fixation are unknown. In all 3 cases, preservation of ultrastructural cellular detail was poor.
The peroxidase-antiperoxidase (PAP) method has been reported to be a reliable technique for detecting rabies virus antigen in formalin-fixed, paraffin-embedded tissues. 1, 11, 17 The ABC-peroxidase technique is a similar immunoperoxidase method that is more sensitive than the PAP method.' Absence of rabies antigen in the neuronal inclusions in the 7 cases is supported by the finding that they were negative by the immunoperoxidase test, whereas the brain tissue from the known rabid animals tested was positive.
The occurrence of intracytoplasmic neuronal inclusions indistinguishable from Negri bodies in the lateral geniculate body of nonrabid cats has been known for some time, 13, 16 and there are at least 2 reports of rabieslike inclusions in dogs. 3, 4 In 1 report, rabies-like inclusions were found in a dog with neoplastic reticulosis 3 and displayed many ultrastructural similarities to those occurring in cats lo and those in case 4 of this report. Swiss investigators described Negri body-like inclusions in the brains of 12 dogs. 4 These workers found Negri body-like inclusions to be more common in the brains of dogs than cats. In both of the above reports, 3, 4 the light microscopic characteristics and distribution of inclusion bodies were similar to those of this report.
Other nonviral intracytoplasmic inclusions have been reported in neurons of nonrabid dogs. Small, homogeneous inclusions measuring less than 1.5 µm in diameter have been described in dogs, cats, and skunks. l3 Lafora-like inclusions are basophilic, PAS-positive (the inclusions in the 5 cases that we stained were PASnegative), round, intracytoplasmic bodies measuring up to 15 µm and are reported to be common in dogs over 3 years of age. l4 Amphophilic, violet, intracytoplasmic inclusions measuring 3-42 µm have been reported by Japanese workers to be common in neurons of aged dogs. 15 Ultrastructurally, the inclusions consisted of dilated, rough, endoplasmic reticulum filled with microtubules.
In this and the 2 previous reports of rabies-like inclusions in dogs, 3, 4 poodles (8 of 21 plus 1 cock-a-poo) and pointers (7 of 21) are overrepresented, suggesting a possible breed predilection. There is no apparent sex predilection for the development of the inclusions as the number of males (10) and females (11) is almost equal in this and the other reports. 3, 4 In conclusion, the intracytoplasmic neuronal inclusion bodies described in this report sufficiently resemble Negri bodies to require that rabies be included in the differential diagnosis of affected dogs. While the composition of these inclusions requires further study, they do not contain rabies antigen. It is important for histopathologists to realize that rabies-like inclusions can occur in nonrabid dogs, and that these inclusions further underscore the importance of FA testing and mouse inoculation in making a definitive diagnosis of rabies virus infection.
